Background/Aims: Gallbladder (GB) polyps are commonly encountered in clinical practice, and are found more frequently as the number of medical screening examinations increases. The aim of this study was to determine optimal practice guideline for surgical treatment and follow-up of GB polyps. Methods: Data from healthy subjects of Seoul National University Hospital (SNUH) Health Care System of Gangnam Center were used to investigate the true prevalence of GB polyps. We also enrolled 689 patients with GB polyps diagnosed at SNUH from The GB polyp prevalence was 6.1% (7.1% in males and 4.8% in females). The median follow-up duration in the 689 study patients was 60 months, and 139 (20%) of them had polyps ≥10 mm in size. Twenty-five of the 180 patients who underwent cholecystectomy had adenocarcinomas. The χ 2 test was used to identify which of the following were risk factors of malignancy: age, sex, symptoms, size, rate of growth, multiplicity, accompanying stones, and shape. Age (≥57 years), presence of symptoms, size (≥10 mm), and shape (sessile) were found to be statistically significant risk factors by univariate analysis. However, multivariate analysis identified only age (≥57 years) and size (≥10 mm) as independent predictors of malignancy.
INTRODUCTION
Polypoid lesions of the gallbladder (GB) may be defined as elevations on the GB mucosa. Such polypoid lesions affect 4-6% of the healthy adult population. [1] [2] [3] [4] Moreover,
given the increasing use of abdominal ultrasonography (USG) in modern clinical practice, more polypoid lesions of the gallbladder are detected. 5 Although most polyps are benign (usually cholesterol polyps), some early carcinomas of the GB resemble benign polyps, 5 and the preoperative differential diagnosis of tumorous and non-tumorous polyps remains difficult. Furthermore, GB cancer is highly lethal with poor prognosis, and is the most common malignancy of the biliary tract. In fact, the only chance of cure comes from early detection and curative surgery. Therefore, the differentiation of precancerous lesions and earlier GB carcinoma originating from a GB polyp is essential for proper treatment. [6] [7] [8] [9] Currently, surgical removal is recommended for GB polyps sized ＞1 cm in view of the higher risk of malignancy, 5,10-14 whereas patients with a smaller polyp usually require repeated USG and follow-up. It causes a certain degree of anxiety to the patient, and presents a considerable cost burden to the health care system. 5 In addition, the study results are mainly from 1980 to 1990, and there are few studies who had follow-up duration long enough to help us to give information on natural courses of GB polyps. Therefore, we thought that it is very important to re-evaluate the risk factors in predicting malignancy from GB polyps, and to present evidence that aids decision making regarding forms of treatment, i.e., surgery or regular follow-up.
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MATERIALS AND METHODS

Epidemiology of GB polyps and patients enrollment
To investigate epidemiologic information of GB polyps without any selection bias, we used data from healthy subjects who attended SNUH Gangnam Center for a routine health examination from October i.e., congestive heart failure, chronic renal failure, coronary heart disease, liver cirrhosis, malignancies, and others.
Diagnosis of GB polyp
Sonographic examinations were performed using an Acuson 128 (Acuson, Mountain View, CA) equipped with a 3.5/5.0 MHz ultrasound probe. All patients were fasted for at least 8 hours prior to USG. A standard sonography protocol was followed for all examinations. GB was imaged in longitudinal and transverse planes in the supine or left decubitus position (depending on body habits, bowel gas, and GB position). Field of view and transmission focusing were optimized for GB imaging in each case. In addition, standard sonographic criteria were used to diagnose GB polyps as follows: lesions had to be immobile, non-shadowing, hyperechoic compared to surrounding bile, and attached to the GB wall. 15 Lesions that did not fulfill all of these criteria were not diagnosed as GB polyps. We tried to categorize subjects under USG into 5 different groups according to characteristics of USG findings that were documented by Okamoto's study in 1999, 14 group A, no abnormal findings; group B, benign lesions such as polypoid lesion (diameter ＜5 mm), cornet-like echo, or GB swelling, which were followed-up once/yr; group C, benign lesions, such as polypoid lesion (5 mm ≤ diameter ＜10 mm), strong echo within the GB, or slight wall thickness of the GB, group D, benign lesion, but one in which malignancy could not be ruled out, such as polypoid lesion (diameter ≥10 mm), mass formation, debris, atrophic GB, or severe wall thickening of the GB, group E, suspected malignancy or malignancy, many of which were polypoid lesions with irregularity or heterogeneity, or with irregular wall thickness of the GB. In addition, we categorized shapes of GB in three different groups; papillary, sessile, and pedunculated polyps. Papillary polyps are the ones with papillary shape regardless of their size. Sessile polyp is nodular or lobulated mass with broad base, and a pedunculated polyp has narrow base compare to its height. The most important difference between the pedunculated polyp and papillary polyp is the presence of stalk beside the shape of main lesion.
The maximum diameters of polyps were measured using electronic calipers and rounded to the nearest millimeter. During USG follow-up, polyp size changes were defined as; decrement -a reduction in diameter ＞3 mm, increment -an increase in diameter of ＞3 mm, and no change -a measured diameter change of ＜3 mm.
Surgical resection in study patients and followup schedule
GB polyp patients underwent cholecystectomy if they were in following conditions; symptomatic group B & C patients with or without GB stone, group B & C patients who really want to undergo cholecystectomy due to anxiety even with doctor's assurances, and group D & E patients. Since, it was not possible to prove causal relation between symptoms and GB abnormalities, we defined symptomatic patients with either one of these findings (episodes of biliary colic, frequent vague gastric discomfort and dyspepsia without any abnormality in gastroduodenoscopy, right upper quadrant discomfort). In addition, we included increased size change in short term follow-up duration whose polyps are less than 10 mm. The first follow-up intervals from initial diagnosis were conducted at 3 or 6 months and second follow-up intervals were conducted at 6 or 12 months with USG.
Statistics
Statistical analyses of categorical variables were performed using Pearson's χ 2 test or Fisher's exact test; two level continuous variables and three or more level continuous variables were compared by using the Student's t-test and by analysis of variance, respectively. Two sided p-values of ＜0.05 were considered significant. Multivariate analysis was performed using multiple logistic regression models. All analyses were performed using SPSS for Windows, version 12.0 (SPSS Inc, Chicago, IL).
RESULT 1. Data from Health Care System Gangnam Center, SNUH
1) Prevalence of GB polyps in healthy subjects
The total of 24,617 healthy subjects underwent abdominal USG at the SNUH Gangnam Center during the study period, and 954 of 13,328 (7.1%) men and 542 of 11,289 (4.8%) women had GB polyps, with an overall prevalence of 6.1% (1,496/24,617). Prevalence of GB polyp with respect to age is shown in Fig. 1 , and a particularly high prevalence was found in those aged 40 to 70 years.
Data from study patients in SNUH 1) Characteristics of GB polyp and cholecystectomy
There were 689 eligible patients (M: 409, F: 280) of median age 47 years (range from 18 to 76 years), and these were followed for a median 60 months. Four-hundred five (60%) patients had a single polyp and 57 (8%) patients had accompanying GB stones. Mean diameter of GB polyps at initial diagnosis was 7 mm (range 2 to 30 mm). One-hundred nine (20%) patients with a GB polyp of ＞10 mm, and 516 (75%) patients never had size change of polyps. Sixty five (9%) patients had symptoms of mainly epigastric and right upper quadrant pain prior to the hospital visit (Table 1) .
According to our practice guideline for cholecystectomy, 180 patients underwent surgical resection ( Table 2 ). There were 35 group D patients who did not undergo cholecystectomy even they had GB polyp ≥10 mm; 30 patients had GB polyps with 10 mm, 2 patients with 11 mm, 1 patient with 13 mm, and 2 patients with 15 mm. Some of the patients had severe co-morbidities which might elevate the risk of cholecystectomy, and there were some patients who did not want to undergo cholecystectomy strongly even if they had chance to have malignant GB polyps. They underwent close monitoring with 3 months interval for a year and later were followed-up with 6 months of interval. The median follow-up duration without symptoms or signs that suggest malignancy was 72 months (29-91 months). 
2) Characteristics of malignant GB polyps
The pathologic results of 180 patients who underwent cholecystectomy are shown in Fig. 2 . There were 25 (14%) adenocarcinomas, 41 (23%) adenomas, and 82 (45%) cholesterol polyps. The characteristics of malignant GB polyp are shown in Table 3 . Median age of patients with malignant GB polys was 62 years, which was substantially older than that of all GB polyp patients (47 years). There were only two cases of malignant GB polyps with accompanying stones and 16 of 25 (64%) malignant GB polyps were in sessile shape. Pathologically, all malig- nant GB polyps were adenocarcinomas and 4 of the 25 malignant GB polyps occurred in adenoma background. Fig. 3 and Fig. 4 showed prevalence of GB polyps according to age and size. No malignant GB polyp was found in subjects younger than 30 year-old (Fig. 3) Table 4 shows benign and malignant GB polyps in terms of clinical and morphological characteristics. The prevalence of risk factors were investigated according to age, sex, presence of symptoms, initial size, size change, multiplicity, accompanying stones, and shape. Most malignant GB polyp patients occurred in the above 3 rd quartile age group and the male to female ratio for all malignant polyps was 0.9 (12:13). In terms of polyp size, most benign polyps were ＜20 mm (94%) and usually ＜10 mm (84%). Moreover, most benign and malignant GB polyps showed no significant size change during follow-up and no accompanying stones. The Pearson's χ 2 test was used to identify risk factors of malignancy in the 180 cholecystectomy cases. The factors analyzed were; age, sex, presence of symptoms, initial size, size progression rate, shape, multiplicity, and associated stones (Table 4) . Of these, age (≥57 year-old), presence of symptoms, size (≥10 mm), and shape (sessile) were statistically significant risk factors by univariate analysis. However, multivariate analysis identified only age (≥57 year-old) and size (≥10 mm) as independent predictors of malignancy.
3) Benign versus malignant GB polyps and risk factor analysis
DISCUSSION
In this study, we investigated the natural course of GB polyps and attempted to identify factors that would aid the surgery/regular follow-up decision making process. The main management concern is that malignant lesions be identified and treated at the earliest possible stage. Moreover, for such risk factors to be clinically useful, they should accurately predict the presence of malignant GB polyps and be easily evaluated. This means that we should be able to describe the characteristics of both benign and malignant GB polyps including premalignant lesions. In addition, the clinical implications of these fac- 19, 20 which concur with the 3.6% of the present study.
To differentiate malignant from benign polyps, we investigated and compared demographic factors (sex and age), clinical factors (symptom and accompanied GB stones), and morphology of GB polyps (i.e., size, size progression rate, shape, and multiplicity). This analysis identified age, the presence of symptoms, and initial polyp size and shape as statistically significant risk factors (Table 4) . Several studies have sought to identify the risk factors of malignant GB polyps (Table 5) . [11] [12] [13] [17] [18] [19] [20] [21] In addition, we analyzed the pathologic characteristics of cholecystectomy cases to determine whether there is any possibility of premalignant lesions of the malignant GB polyps (Fig. 2) . It has been reported that the polyp-to-cancer sequences of colonic polyps is similar to that of GB adenoma, 22 but other studies disagree. Eelkema et al 23 evaluated 226 patients with a GB polyp by cholecystography; 113 of these patients were examined 15 years after initial diagnosis but no malignancy was observed. The authors suggested that cholecystographically demonstrated GB polyp without stones might be benign and remained benign. Therefore, they suggested that GB malignancy differed from colon cancer and colon adenoma in terms of its carcinoma sequence, and that the most important premalignant factor for GB polyps is accompanied GB stones. In the present study, there were 41 adenomas and 25 adenocarcinomas, and of the 25 malignant GB polyps, 4 had adenoma background. Moreover, had an adenoma to carcinoma sequence existed, the prevalence of adenoma should have been higher than that of malignancy, but the prevalence of GB adenoma is extremely low (none were found in the present study). Therefore, this should be further investigated. On the other hand, accompanying GB stones are a well known independent risk factor for malignancy in western countries. [24] [25] [26] However, the presence of a GB stone was not found to be an independent risk factor for the presence of a malignant GB polyp in the present study (Table 4 ). This result implies that the presence of a GB stone is not a strong risk factor for GB cancer in the Korean population. In the present study, only 57 (8%) of 689 GB polyp patients had an accompanying GB stone and 2 of 25 malignant GB polyp patients had an accompanying GB stone. However, there are some limitations in our study. There are several studies that endoscopic ultrasonography (EUS) has improved accuracy of the differential diagnosis of GB polyps. 6, 7, 9, 27, 28 Since this was a retrospective study, some of the patients underwent EUS and we could not evaluate as uniform diagnostic modalities. However, there are many common factors that could predict malignant GB polyps. Sugiyama et al reported that polypoid lesions exceeding 10 mm and sessile shape suggested malignancy. 28 In addition, Sadamoto et al reported that size (＞10 mm), heterogenous internal echo pattern and the absence of hyperechoic spots are suggesting factors of malignancy. 6 Several studies have tried to identify predictors of malignant GB polyps for early detection of GB cancer. As summarized in Table 3 , 25 malignant GB polyp patients revealed as early stage GB cancer (4: stage 0, 8: IA, 9: IB, 1: IIA, and 3: IIB). Usually, GB cancer is diagnosed in an advanced stage, when the prognosis for survival is less than 5 years in 90% of cases. 26 ,29 Therefore, we should concentrate on finding useful and strong risk factors for malignant GB polyps that facilitate the early detection of GB cancer. Furthermore, it is important to discriminate between malignant and the benign polyps, and to utilize appropriate follow up schedules. If not, too much resource might be allocated to the monitoring of GB polyps on the one hand, or the early detection of GB cancer might be defective on the other. The present study shows that GB polyps with an age (≥57 year-old) and a size (≥ 10 mm) are the independent factors for predicting malignancy of GB. However, it might be helpful to consider other associated factors such as symptoms or sessile shape during careful monitoring of suspected patients.
